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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a silicon oxide dielectric 
film which can be used as an interlayer insulating film in a 
semiconductor device and can realize both a low dielectric constant 
and a long-term reliability. 

SOLUTION: With use of a monomethyl silane/hydrogen peroxide 
film-forming gas, a first moisture-resistive SiOx film 3P is formed 
directly on an Al-based wiring pattern 2 by a plasma CVD process, 
and a second SiOx film 4L having a high fluidity for reducing a step 
difference on a surface of a wafer W is formed on the film 3P by a 
low-temperature, low-pressure (LPCVD) process. A modified layer 
6P may be formed by an oxygen plasma modification process on 
the second SiOx film 4L, and further a third SiOx film 8P may be 
formed on the modified layer 6P by the plasma CVD process with 
use of the same film-forming gas as the above. Any of the SiOx 
films 3P, 4L and 8P is lower in relative permittivity than a silicon 
oxide film of a stoichiometric composition obtained by thermally 
oxidizing silicon, and thus the overall relative permittivity of an 
interlayer insulating film 9 can be kept low. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A formation method of a silicon oxide system dielectric film characterized by comprising the following. 
The 1st process of forming the 1st dielectric film whose specific inductive capacity is lower than a silicon oxide 
film of a stoichiometric composition acquired by oxidizing silicon thermally by plasma CVD so that a metal wiring 
pattern on a base may be covered. 

The 2nd process of forming the 2nd dielectric film whose specific inductive capacity is still lower than said 1st 
dielectric film by performing decompression CVD using forming gas used by said plasma CVD, and forming gas 
which consists of the same ingredient so that a surface step of a base may be eased on this 1st dielectric film. 

[Claim 2]A formation method of the silicon oxide system dielectric film according to claim 1 using what does not 

contain gas constituents which use fluoride as a composing element as said forming gas. 

[Claim 3]A formation method of the silicon oxide system dielectric film according to claim 1 performing plasma 

modification processing for stiffening the surface after forming said 2nd dielectric film. 

[Claim 4]By performing plasma CVD again using forming gas used by said plasma CVD after forming said 2nd 

dielectric film, and forming gas which consists of the same ingredient, A formation method of the silicon oxide 

system dielectric film according to claim 1 forming the 3rd dielectric film whose specific inductive capacity is lower 

than a thermal oxidation silicone film produced by oxidizing silicon thermally on this 2nd dielectric film. 

[Claim 5]By performing plasma modification processing for stiffening the surface after forming said 2nd dielectric 

film, and performing plasma CVD again using forming gas used for after an appropriate time by said plasma CVD, 

and forming gas which consists of the same ingredient, A formafion method of the silicon oxide system dielectric 

film according to claim 1 forming the 3rd dielectric film whose specific inductive capacity is lower than a silicon 

oxide film of a stoichiometric composition acquired by oxidizing silicon thermally on this 2nd dielectric film. 

[Claim 6]A formation method of the silicon oxide system dielectric film according to claim 1 using gas by which at 

least one of a hydrogen atom of the Silang system compound contains an organic silane compound replaced by a 

hydrocarbon group, and an oxidizer as fomiing gas of plasma CVD for forming said 1st dielectric film. 

[Claim 7]A formafion method of the silicon oxide system dielectric film according to claim 6 using a monomethyl 

silane as said organic silane compound, and using hydrogen peroxide as said oxidizer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the method of reconciling membranous lower-dielectric-constant- 
izing and long term reliability especially, about the formation method of the dielectric film used as an interlayer 
insulation film of a semiconductor device. 
[0002] 

[Description of the Prior Art]ln semiconductor device manufacture in recent years, adoption of the multilevel 
interconnection art which accumulates a metal wiring pattern via an interlayer insulation film with the high 
integration and advanced features at many layers on a substrate is indispensable. If adjacent wires or up-and- 
down wiring approach with reduction of a design rule when adopting multilevel interconnection, in the specific 
inductive capacity epsilon, in about 3.9 and the conventional large Si02 system interlayer insulation film, the 
capacity between wiring will become large too much, then ~ especially - design rule 0.25micrometer ~ realizing a 
low voltage drive, low power consumption, and a high clock frequency using a dielectric film with low specific 
inductive capacity (a low dielectric film is called hereafter.) is examined by subsequent generations. 
[0003]As a low dielectric film, the organic system low dielectric film and the inorganic system low dielectric film are 
examined until now. First of all, since the electronegativity of O atom under siloxane (-Si-0-) combination in 
which, as for about 3.9 and a large thing, the specific inductive capacity epsilon of SiOg makes the skeleton of 
SiOg is large, the electron inclines toward the O atom side. 
It is because the bias will increase further if an electric field is given. 

Therefore, decline in polarizability is indispensable to lower-dielectric-constant-izing. In that respect, by the 
organic system low dielectric film, since the large alkyi group of steric exclusion exists, the density of a film and 
the polarizability of the molecule itself are falling, and thereby, decline in specific inductive capacity is brought 

about. For example, specific Inductive capacity epsilon= 3.5-3.0 is attained by the poiyimide system resin layer, 
and the value of epsilon= 2.7-1.9 is attained by the fluororesin film. 

[0004]On the other hand, as an inorganic system low dielectric film, the SiOF film which can form membranes by 
plasma CVD, i.e., the SiOx film containing F (fluoride), is mainly examined. The specific inductive capacity of a 
SiOF film decreases with the increase in F concentration in a film, and about 3.7 to 3.2 value is attained until now. 
The reason for falling, when the specific inductive capacity of SiOx contains F is considered for the both sides of 
the electronic polarization resulting from distortion of an electron cloud and the ionic polarization resulting from 
nuclear displacement to decrease in number although not fully solved yet. 
[0005] 

[Problem(s) to be Solved by the lnvention]However, the above-mentioned organic system low dielectric film and 
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the inorganic system dielectric film are holding the problem in each. First, in an organic system low dielectric film, 
after carrying out the spin coat of the polymeric material dissolved in the solvent on a base, are formed by many 
by heating this coat and carrying out a drying polymerization. In such a film, water and the solvent which were 
generated at the time of a polymerization are easy to be incorporated into a film, and these water and solvents 
become the cause of making a metal wiring pattern corroding. If polymer polymerization is made to attain by a 
radical polymerization, since the problem of water or a solvent is not produced, films, such as a fluorinated- 
amorphous-carbon film which can form membranes by plasma CVD, are also proposed. However, since the 
foundations of a molecular skeleton are chains, an organic layer is intrinsically inferior in oxygen plasma 
tolerance, and causing film decrease at the time of resist-ashing after a contact hole opening poses a problem. 
[0006]On the other hand, it absorbs moisture quickly during air neglect, and the problem of degrading the stability 
of the film itself or a process is among the SiOF films which are the examples of representation of an inorganic 
system low dielectric film. Not only making a metal wiring pattern corrode but the fluoric acid (HP) produced 
according to moisture absorption this. It is because pH of polishing slurry in case a semiconductor manufacturing 
device is made to pollute and corrode or CMP (chemical machinery polish) performs flattening of an interlayer 
insulation film is changed and polishing speed is fluctuated as a result. Si(- F) ^ combination considered that two 
F atoms combined with one Si atom by the hygroscopic high film, Si-F combination considered to have 
approached via O atom exists, these combination changes to Si-OH combination through a hydrolysis reaction, 
and when this Si-OH combination forms a hydrogen bond between H2O in the atmosphere, it is thought that 
moisture absorption advances. 

[0007]Therefore, under the present circumstances, it is very difficult to also use an organic system low dielectric 
film and inorganic matter system low dielectric film as an interlayer insulation film alone. For this reason, the 
interlayer insulation film of the bipolar membrane composition which sandwiched the upper and lower sides of the 
low dielectric film which are excellent in mobility with the SiOg film which is comparatively excellent in 
membraneous quality although specific inductive capacity is slightly high, or the SIN film is proposed. For 
example, in 1995 to the dry process symposium abstract collection p.261-268. The interlayer insulation film which 
covers an Al wiring pattern is made into order with 3 lamination of a base layer, a flow layer, and a cap layer from 
the lower layer side, A base layer and a cap layer are plasma CVD with a substrate temperature of 300 ** using a 
SiH4/N20/N2 mixed gas system. The method of a flow layer forming by the decompression CVD (LPCVD) with a 
substrate temperature of 0 ** using a SiH4/H202/N2 system, respectively is proposed. In the monthly 
semiconductor world February, 1 996 item p.86-88 (press journal company **). The interlayer insulation film which 
covers an Al wiring pattern is made into 3 lamination of a barrier film, a SiOF film, and a barrier film from a lower 
layer at order, and the method of using a Si02 film as this barrier film is indicated. In addition, to insert the upper 
and lower sides of the organic system low dielectric film of a coating mold with the Si02 film which is 
comparatively excellent in membraneous quality, or an SiN film is also tried widely. 

[0008] However, each material which constitutes the above-mentioned base layer, a cap layer, and a barrier layer 
from such bipolar membrane formation art is a Si02 film with high specific inductive capacity, or an SiN film 
whose specific inductive capacity is still higher than this, and the limit has produced in decline in the specific 
inductive capacity as the whole interlayer insulation film. When the upper and lower sides of the fluid high film 
which contains moisture in a film are inserted by a film with little moisture. In order to protect the metal wiring 
pattern of the bottom about the film by the side of the function to make moisture penetrate to the upper part about 
the film by the side of the upper layer, and a lower layer, the characteristic of not making moisture penetrating to 
the bottom was required, and there was a problem that selection of the optimal membrane type was difficult. 
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Then, this invention solves this hygroscopic problem and an object of this invention is to provide the method of 
forming the dielectric film which lower dielectric constant-ization is attained and is excellent also in long term 
reliability. 
[0009] 

[Means for Solving the Problem]ln a formation method of a siiicon oxide system dielectric film of this invention. A 
good film of membraneous quality is allotted to a portion which touches a metal wiring pattern on a base directly, 
Although the conventional view of specific inductive capacity covering moreover with a low fluid high film, and 
planning flatness of a base is followed. Adopt what has specific inductive capacity lower than a silicon oxide film 
of a stoichiometric composition acquired by each oxidizing silicon thermally as each film, and a dielectric constant 
of the whole interlayer insulation film is maintained low, And the above-mentioned purpose is attained by taking a 
simple technique of forming and dividing each film by a different CVD condition using forming gas which consists 
of the same ingredient, i.e., plasma CVD, and LPCVD. Thetis, after forming the 1st dielectric film that covers a 
metal wiring pattern by plasma CVD, the 2nd dielectric film that eases a surface step of a base on it is formed by 
LPCVD. 

[0010]ln this invention, forming gas containing gas constituents which use fluoride as a composing element is not 
used. That is, a silicon oxide system dielectric fflm formed of this invention does not expect lower dielectric 
constant-ization by incorporating a fluorine atom into a film lil<e a SiOF film. After forming the 2nd dielectric film, 
the 3rd dielectric film may be further laminated by performing plasma CVD again using forming gas which could 
perform plasma modification processing for stiffening the surface, or was used by previous plasma CVD, and 
forming gas which consists of the same ingredient. Specific inductive capacity of this 3rd dielectric film is also 
lower than a silicon oxide film of a stoichiometric composition naturally acquired by oxidizing silicon thermally. Or 
both laminations of plasma modification processing of the surface of the 2nd dielectric film and the 3rd dielectric 
film to an it top may be performed. 
[0011] 

[Embodiment of the lnvention]Even if the forming gas which consists of the same ingredient is used for this 
invention, paying attention to the membraneous quality of a dielectric film changing with CVD conditions, it is 
simple and tends to realize formation of a controllable high dielectric film. In plasma CVD, since [ which an ion 
weld slag operation commits to a film ] it is and the density of a film rises, large lower dielectric constant-ization 
cannot be expected. However, on the other hand, there are very few moisture contents that film formation is 
intrinsically due to the radical polymerization reaction, and by the drying effect by ion weld slag operation being 
expectable, and the dielectric film which has precise membraneous quality can be formed. This film is convenient 
as the 1st dielectric film that covers a metal wiring pattern first and protects this, or the 3rd dielectric film that 
covers the uppermost surface of an interlayer insulation film and plays the role of passivation. The specific 
inductive capacity of this 1st dielectric film and the 3rd dielectric film. Since it is lower than the specific inductive 
capacity (about 3.9) of the silicon oxide film of the stoichiometric composition acquired by oxidizing silicon 
thermally, it is possible to lower the specific inductive capacity as the whole interlayer insulation film compared 
with the case where the upper and lower sides of a low dielectric film are inserted by a Si02 film like before. 
[0012]Since the migration of the membrane formation kind in the part and membrane surface which a physical 
action like an ion weld slag operation does not commit on a film by an LPCVD method on the other hand is 
promoted, A dielectric film with a sufficient coverage can be formed, and since the density of a film moreover does 
not become so high, specific inductive capacity can be lowered. This film is convenient as the 2nd dielectric film 
contributed to the substantial decline in the specific inductive capacity of the whole interlayer insulation film, 
easing the surface step of the base resulting from a metal wiring pattern. 

[0013]Since above plasma CVD and LPCVD(s) are performed in this invention using the forming gas which 
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consists of the same ingredient, Chemical composition is fundamentally common although there is a difference of 
some of the elemental ratio according [ the 1st dielectric film and the 2nd dielectric film which are formed, or the 
3rd dielectric film added if needed ] to a film formation condition. Therefore, unlike the case where a completely 
different film of chemical composition of a different kind is laminated, it becomes, without causing difficulty to 
selection of a membrane type. 

[0014]lf the forming gas which does not contain the gas constituents which use fluoride (F) as a composing 
element is used when forming the 3rd dielectric film the 1st dielectric film, the 2nd dielectric film, or if needed in 
this invention, F can be eliminated from a film. Therefore, all the problems of the variation in the polishing speed 
in generation of fluoric acid (HF) by membranous moisture absorption, the corrosion of the metal wiring pattern by 
this, and CMP are avoidable. It Is preferred for above plasma CVD and LPCVD to carry out continuously, without 
carrying out atmosphere release of the base over a long time on the way. However, the forming temperature of 
these CVD(s) [ both ] differs greatly, and if it tries to perfonn both CVD(s) by the same chamber succeeding the 
case where the temperature control of the stage which lays this base is moreover perfonning heating of a base, 
the loss of the time accompanying the temperature control of a stage will become large. Therefore, in such a 
case, it is preferred to use the multi chamber type device with which the plasma CVD chamber which differs in 
stage temperature setting out beforehand, and the LPCVD chamber were made to connect by a vacuum carrying 
path. 

[0015]lt is preferred that at least one of the hydrogen atom of the Silang system compound uses the gas 
containing the organic silane compound replaced by the hydrocarbon group and an oxidizer as forming gas for 
plasma CVD for forming the 1 st dielectric film or the 3rd dielectric film added if needed. The basic skeleton of the 
above-mentioned organic silane compound may be mono-silane SiH^, or may be polysilane, such as disilane 
Si2Hg. The carbon number in particular of the hydrocarbon group which replaces the hydrogen atom of these 
Silang system compound is not limited. Although based also on the number of substitution, it is expectable that 
film density falls [ the one where a carbon number is to some extent larger ] according to increase of the steric 
exclusion of a hydrocarbon group as a general tendency, and specific inductive capacity falls, and the mobility of 
the membrane formation intermediate in a film growth process improves. The carbon content of the dielectric film 
which will be obtained on the other hand if a carbon number is not much large increases, moisture resistance 
deteriorates, satisfying membraneous quality becomes not easily obtained by plasma CVD, either, and also it 
becomes difficult to deal with an organic silane compound as a gas. Therefore, as a hydrocarbon group which 
replaces the hydrogen atom of the Silang system compound, allyl groups, such as alkyi groups of 1-2 carbon 
numbers, such as a methyl group and an ethyl group, or a phenyl group, are suitable. On the other hand, as the 
above-mentioned oxidizer, oxygen (O2), ozone (O3), hydrogen peroxide (H2O2), etc. can be used. 
[0016]ln particular, it is organicity. It is a monomethyl silane as a silane compound. [Si(CH3) Hg] When H2O2 is 
used as an oxidizer, the dielectric film of the form where carbon was incorporated into the Si02 film of the 
stoichiometric composition acquired by the thermal oxidation of silicon can be obtained. The applicant for this 
patent has found out that the mobility of a membrane formation intermediate improves about this Si(CHg) 
H3/H2O2 system when forming temperature is 20 ** or less in LPCVD before. It has been thought that it is inferior 
to membraneous quality while the dielectric film containing the carbon formed by the above systems of reaction is 
more advantageous to lower-dielectric-constant-izing than before. However, if membrane formation which 
switched plasma CVD and LPCVD like this invention is perfomried, even if it is such the system of reaction, good 
membraneous quality and lower dielectric constant can be reconciled. 
[0017] 
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[Example]Hereafter, the concrete example of this invention is described. 

[001 8] Exam pie 1 - here, this invention being applied to formation of the interlayer insulation film in a 
semiconductor wafer process, and, By perfonning the plasma CVD and LPCVD by an Si(CH3) H2/H2O2 system 
continuously, the SiOx system interlayer insulation film of two-layer composition with low specific inductive 
capacity was formed. This example of a process is explained referring to drawing 1 and drawing 2 . The device 
used by this example is connected common to one set of the object for plasma CVD, the object for LPCVD, and 
the wafer handling unit by which each of the chamber for post annealing was maintained by the predetermined 
degree of vacuum, It is the multi chamber-type device made as [ perform / conveyance of the base between each 
chamber / altogether / via this wafer handling unit ]. 

[0019]The wafer W in which 0.65-micrometer-high aluminum system circuit pattern 2 was first formed [ on the 
substrate 1 ] according to the line and space which is 0.4 micrometer as a metal wiring pattern beforehand was 
prepared. Among the above-mentioned substrate 1, although a field corresponding directly under aluminum 
system circuit pattern 2 comprises an insulator layer, the structure under the common metallic wiring of the usual 
semiconductor device is not illustrated here. 

[0020]Next, this wafer W was carried in to the plasma CVD device, and plasma CVD was performed on condition 
of the following as an example. 

SiCCHg) H3 flow 100 SCCM Ar flow 500 SCCMHgOg (gas) speed of supply A part for 0.7 g/ Pressure 160 Pa RF 
power 200 W (13.56 MHz) 

1st SiOx film 3 ^ with a thickness of about 0.1 micrometer which covers aluminum system circuit pattern 2 to 
conformal one mostly as it can wafer-temperature 350 ** Come, and is alike and it is shown more in drawing 1 (it 
means that the subscript P relates to a plasma process.) It is the same as that of the following. Membranes were 
formed. The specific inductive capacity of this 1st SiOx film 3 p was a little lower than the specific inductive 
capacity epsilon= 3.9 of the SiOg film of the stoichiometric composition acquired by the thermal oxidation of 
silicon. This is an effect of the methyl group incorporated into the film. 

[0021]Next, the above-mentioned wafer W was conveyed to the LPCVD device under the high vacuum, and 
LPCVD was performed on condition of the following as an example. 

Si(CH3) H3 flow 100 SCCMAr flow 500 SCCMH2O2 (gas) speed of supply 0.7 g / part pressure 133 Pa wafer 
temperature 0 ** - thereby, It is 2nd SiOx film 4 ^ (it means that the subscript L relates to a LPCVD process.) 
about 0.1 micrometer thick so that the surface step of the base resulting from aluminum system circuit pattern 2 
may be canceled mostly, as shown in drawing 2. It is the same as that of the following. Membranes were formed. 
The specific inductive capacity of this 2nd SiOx film 4 ^^ was still lower than the dielectric constant of the above- 
mentioned 1st SiOx film 3 ^. 

[0022]Then, the chamber for post annealing was conveyed for the wafer W, 400 ** and post annealing for 15 
minutes were performed among N2 atmosphere of 1.01x10 ^Pa, and the moisture which remains in the film of 
2nd SiOx film 4 |_ was removed. The specific inductive capacity epsilon of the interlayer insulation film 5 measured 
in this stage, i.e., the film which doubled the above-mentioned 1st SiOx film 3 p and 2nd SiOx film 4 ^, was about 
3.2. Although the acceleration deterioration test of 1 000 hours under the relative humidity of 100%, the 
temperature of 120 **, and humid high-temperature-high-pressure environment with a pressure of 2 atmospheres 
was done to the base of this state, neither the corrosion of aluminum system circuit pattern 2 nor degradation of 
hot carrier tolerance was accepted at all. Therefore, it was proved that the above-mentioned interlayer insulation 
film 5 had specific inductive capacity low as a whole, and was excellent also in moisture resistance. 
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[0023]ln example 2 this example, surface treatment processing by oxygen plasma was performed to 2nd SiOx 
film 4 |_ formed in Example 1 . Here the used device between eacfi chamber the object for plasma CVD, the object 
for LPCVD, for plasma treatment, and for post annealing. It is the multi chamber-type device made as [ perform / 
conveyance of the base between each chamber / it is connected to the wafer handling unit by which the base was 
maintained at the high vacuum, and / altogether / via this wafer handling unit ]. 

[0024]The stage film formation of the above-mentioned 2nd SiOx film 4 ^ is as having mentioned above in 
Example 1 . In this example, the following conditions perfonned oxygen plasma treatment as opposed to this film 

continuously. 

©2 flow 2000 SCCM Arflow 1000 SCCM Pressure 133 Pa RF power 500 W (13.56 MHz) 
wafer temperature 350 ** processing time a part for three ~ of this plasma treatment, by the layer part of 2nd SiOx 
film 4 ^, eburnation of drying and a film advanced and reforming layer 6 p as shown in drawing 3 was formed. 
Since the wafer temperature at the time of the above-mentioned plasma treatment is the same as the wafer 
temperature at the time of membrane formation of 1st SiOx film 3 p by the above-mentioned plasma CVD, It can 
be considered as the chamber for plasma CVD, and common use, without providing the above-mentioned 
chamber for plasma treatment separately, and can also respond by the change of the gas supplied to a chamber, 
RF power, and an exhaust speed. 

[0025]Then, the same post annealing as Example 1 was performed to the above-mentioned wafer W. In this 
example, the interlayer insulation film 7 which consists of three persons of 1st SiOx film 3 p, 2nd SiOx film 4 |_, 
and reforming layer 6 p was formed. The specific inductive capacity epsilon as this whole interlayer insulation film 
7 was about 3.3. Since the rise of the specific inductive capacity by the densification of reforming layer 6 p 
influenced, it is thought of that the specific inductive capacity epsilon became a little higher than Example 1. The 
result of the acceleration deterioration test of this interlayer insulation film 7 was better than Example 1. 
[0026]ln example 3 this example, after performing even formation of reforming layer 6 p like above-mentioned 
Example 2, the 3rd dielectric film by plasma CVD was further laminated on this. That is, the wafer W of the state 
which showed in drawinc[ 3 shown above was again returned to the plasma CVD device used for membrane 
formation of 1st SiOx film 3 p, and plasma CVD was performed on condition of the following as an example. 
SiCCHg) H3 flow 80 SCCMAr flow 500 SCCMHgOg (gas) speed of supply a part for 0.85g/~ pressure 93 Pa wafer 
temperature 350 ** ~ thereby, 3rd SiOx film 8 p as shown in drawing 4 w as formed at the thickness which Is about 
0.3 micrometer. 

[0027]Then, the same post annealing as Example 1 was performed to the above-mentioned wafer W. In this 
example, the interlayer insulation film 9 which consists of four persons of 1st SiOx film 3 ^, 2nd SiOx film 4 ^, 
reforming layer 6 ^, and 3rd SiOx film 8 p was formed. The specific inductive capacity epsilon as this whole 
interlayer insulation film 9 was about 3.6. It is because 3rd SiOx film 8 p with membraneous quality there are few 
carbon contents and precise [ that this specific inductive capacity epsilon rose further rather than Example 2 ] and 
high specific inductive capacity was added. The result of the acceleration deterioration test of this interlayer 
insulation film 9 was still better than Example 2. 

[0028]As mentioned above, although this invention was explained based on the example of three examples, this 
invention is not limited to these examples at all, and change, selection, and combination are possible for it suitably 
about details, such as composition of a sample wafer, a size of each part, a film formation condition, plasma 
treatment conditions, and a post annealing condition. 
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[0029] 

[Effect of the lnvention]Even when it is advantageous to lower-dielectric-constant-izing, according to this 
invention, it becomes possible [ also applying the difficult conventional system of reaction to the membrane 
formation of a dielectric film which has the membraneous quality outstanding according to the film formation 
condition ] to desire high membraneous quality-ization, so that clearly also from the above explanation. Therefore, 
a dielectric film can consist of Si02 films of the stoichiometric composition acquired by the thermal oxidation of 
silicon only using a film with small specific inductive capacity, without putting the upper and lower sides of a low 
dielectric film by a film with high specific inductive capacity like a SiO^ film or an SIN film. When this invention is 
applied to membrane formation of the interlayer insulation film in the manufacturing process of a semiconductor 
device, lower-dielectric-constant-izing of this interlayer insulation film and improvement in long term reliability are 
compatible, and an obstacle when this realizes high integration and improvement in the speed of operation of a 
semiconductor device is conquered. 



[Translation done.] 
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TECHNICAL FIELD 



[Field of the lnvention]This invention relates to the method of reconciling membranous lower-dielectric-constant- 
izing and long term reliability especially, about the formation method of the dielectric film used as an interlayer 
insulation film of a semiconductor device. 
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PRIOR ART 



[Description of the Prior Art]ln semiconductor device manufacture in recent years, adoption of the multilevel 
interconnection art which accumulates a metal wiring pattern via an interlayer insulation film with the high 
integration and advanced features at many layers on a substrate is Indispensable. If adjacent wires or up-and- 
down wiring approach with reduction of a design rule when adopting multilevel Interconnection, in the specific 
inductive capacity epsilon, in about 3.9 and the conventional large SiOg system interlayer insulation film, the 
capacity between wiring will become large too much, then ~ especially ~ design rule 0.25mlcrometer ~ realizing a 
low voltage drive, low power consumption, and a high clock frequency using a dielectric film with low specific 
inductive capacity (a low dielectric film is called hereafter.) is examined by subsequent generations. 
[0003]As a low dielectric film, the organic system low dielectric film and the inorganic system low dielectric film are 
examined until now. First of all, since the electronegativity of O atom under siloxane (-Si-O-) combination In 
which, as for about 3.9 and a large thing, the specific inductive capacity epsilon of Si02 makes the skeleton of 
SiOg is large, the electron inclines toward the O atom side. 
It is because the bias will increase further if an electric field is given. 

Therefore, decline in polarizability is indispensable to lower-dielectric-constant-izing. In that respect, by the 
organic system low dielectric film, since the large alkyi group of steric exclusion exists, the density of a film and 
the polarizability of the molecule itself are falling, and thereby, decline in specific inductive capacity is brought 
about. For example, specific inductive capacity epsilon= 3.5-3.0 is attained by the polyimide system resin layer, 
and the value of epsilon= 2.7-1 .9 is attained by the fluororesin film. 

[0004]On the other hand, as an inorganic system low dielectric film, the SiOF film which can form membranes by 
plasma CVD, i.e., the SiOx film containing F (fluoride), is mainly examined. The specific inductive capacity of a 
SiOF film decreases with the increase in F concentration in a film, and about 3.7 to 3.2 value is attained until now. 
The reason for falling, when the specific inductive capacity of SlOx contains F Is considered for the both sides of 
the electronic polarization resulting from distortion of an electron cloud and the Ionic polarization resulting from 
nuclear displacement to decrease in number although not fully solved yet. 
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EFFECT OF THE INVENTION 



[Effect of the lnvention]Even when it is advantageous to lower-dieiectric-constant-izing, according to this 
invention, it becomes possible [ also applying the difficult conventional system of reaction to the membrane 
formation of a dielectric film which has the membraneous quality outstanding according to the film formation 
condition ] to desire high membraneous quality-ization, so that clearly also from the above explanation. Therefore, 
a dielectric film can consist of Si02 films of the stoichiometric composition acquired by the thermal oxidation of 
silicon only using a film with small specific inductive capacity, without putting the upper and lower sides of a low 
dielectric film by a film with high specific inductive capacity like a Si02 film or an SIN film. When this invention is 
applied to membrane formation of the interlayer insulation film in the manufacturing process of a semiconductor 
device, lower-dielectric-constant-izing of this interlayer insulation film and improvement in long term reliability are 
compatible, and an obstacle when this realizes high integration and improvement in the speed of operation of a 
semiconductor device is conquered. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, the above-mentioned organic system low dielectric film and 
the inorganic system dielectric film are holding the problem in each. First, in an organic system low dielectric film, 
after carrying out the spin coat of the polymeric material dissolved in the solvent on a base, are formed by many 
by heating this coat and carrying out a drying polymerization. In such a film, water and the solvent which were 
generated at the time of a polymerization are easy to be incorporated into a film, and these water and solvents 
become the cause of mal<ing a metal wiring pattern corroding. If polymer polymerization is made to attain by a 
radical polymerization, since the problem of water or a solvent is not produced, films, such as a fluorinated- 
amorphous-carbon film which can form membranes by plasma CVD, are also proposed. However, since the 
foundations of a molecular sl<eleton are chains, an organic layer is intrinsically inferior in oxygen plasma 
tolerance, and causing film decrease at the time of resist-ashing after a contact hole opening poses a problem. 
[0006]On the other hand, it absorbs moisture quickly during air neglect, and the problem of degrading the stability 
of the film itself or a process is among the SiOF films which are the examples of representation of an inorganic 
system low dielectric film. Not only making a metal wiring pattern corrode but the fluoric acid (HP) produced 
according to moisture absorption this. It is because pH of polishing slurry in case a semiconductor manufacturing 
device is made to pollute and corrode or CMP (chemical machinery polish) performs flattening of an interlayer 
insulation film is changed and polishing speed is fluctuated as a result. Sl(- F) 2 combination considered that two 
F atoms combined with one Si atom by the hygroscopic high film, Si-F combination considered to have 
approached via O atom exists, these combination changes to Si-OH combination through a hydrolysis reaction, 
and when this Si-OH combination forms a hydrogen bond between HgO in the atmosphere, it is thought that 

moisture absorption advances. 

[0007]Therefore, under the present circumstances, it is very difficult to also use an organic system low dielectric 
film and Inorganic matter system low dielectric film as an interlayer insulation film alone. For this reason, the 
interlayer insulation film of the bipolar membrane composition which sandwiched the upper and lower sides of the 
low dielectric film which are excellent in mobility with the Si02 film which is comparatively excellent in 
membraneous quality although specific inductive capacity is slightly high, or the SIN film is proposed. For 
example, in 1995 to the dry process symposium abstract collection p.261-268. The interlayer insulation film which 
covers an Al wiring pattern is made into order with 3 lamination of a base layer, a flow layer, and a cap layer from 
the lower layer side, A base layer and a cap layer are plasma CVD with a substrate temperature of 300 ** using a 
SiH^/N20/N2 mixed gas system, The method of a flow layer forming by the decompression CVD (LPCVD) with a 
substrate temperature of 0 ** using a SiH4/H202/N2 system, respectively is proposed. In the monthly 
semiconductor world February, 1996 item p.86-88 (press journal company **). The interlayer insulation film which 
covers an Al wiring pattern is made into 3 lamination of a barrier film, a SiOF film, and a barrier film from a lower 
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layer at order, and the method of using a Si02 film as this barrier film is indicated. In addition, to insert the upper 
and lower sides of the organic system low dielectric film of a coating mold with the Si02 film which is 
comparatively excellent in membraneous quality, or an SiN film is also tried widely. 

[0008]However, each material which constitutes the above-mentioned base layer, a cap layer, and a barrier layer 
from such bipolar membrane formation art is a SiOg film with high specific Inductive capacity, or an SiN film 
whose specific inductive capacity is still higher than this, and the limit has produced in decline in the specific 
inductive capacity as the whole interlayer insulation film. When the upper and lower sides of the fluid high film 
which contains moisture in a film are inserted by a film with little moisture, In order to protect the metal wiring 
pattern of the bottom about the film by the side of the function to make moisture penetrate to the upper part about 
the film by the side of the upper layer, and a lower layer, the characteristic of not making moisture penetrating to 
the bottom was required, and there was a problem that selection of the optimal membrane type was difficult. 
Then, this invention solves this hygroscopic problem and an object of this invention is to provide the method of 
forming the dielectric film which lower dielectric constant-ization is attained and is excellent also in long term 
reliability. 
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MEANS 



[Means for Solving the Problem]in a formation method of a silicon oxide system dielectric film of this invention. A 
good film of membraneous quality is allotted to a portion which touches a metal wiring pattern on a base directly, 
Although the conventional view of specific inductive capacity covering moreover with a low fluid high film, and 
planning flatness of a base is followed, Adopt what has specific inductive capacity lower than a silicon oxide film 
of a stoichiometric composition acquired by each oxidizing silicon thennally as each film, and a dielectric constant 
of the whoie interlayer insulation film is maintained low, And the above-mentioned purpose is attained by taking a 
simple technique of forming and dividing each film by a different CVD condition using forming gas which consists 
of the same ingredient, i.e., plasma CVD, and LPCVD. That is, after fonning the 1st dielectric film that covers a 
metal wiring pattern by plasma CVD, the 2nd dielectric film that eases a surface step of a base on it is formed by 
LPCVD. 

[0010]ln this invention, forming gas containing gas constituents which use fluoride as a composing element is not 
used. That is, a silicon oxide system dielectric film formed of this invention does not expect lower dielectric 
constant-ization by incorporating a fluorine atom into a film like a SiOF film. After forming the 2nd dielectric film, 
the 3rd dielectric film may be further laminated by performing plasma CVD again using forming gas which could 
perform plasma modification processing for stiffening the surface, or was used by previous plasma CVD, and 
forming gas which consists of the same ingredient. Specific inductive capacity of this 3rd dielectric film is also 
lower than a silicon oxide film of a stoichiometric composition naturally acquired by oxidizing silicon thermally. Or 
both laminations of plasma modification processing of the surface of the 2nd dielectric film and the 3rd dielectric 
film to an it top may be performed. 
[0011] 

[Embodiment of the lnvention]Even if the forming gas which consists of the same ingredient is used for this 
invention, paying attention to the membraneous quality of a dielectric film changing with CVD conditions, it is 
simple and tends to realize formation of a controllable high dielectric film. In plasma CVD, since [ which an ion 
weld slag operation commits to a film ] it is and the density of a film rises, large lower dielectric constant-ization 
cannot be expected. However, on the other hand, there are very few moisture contents that film formation is 
intrinsically due to the radical polymerization reaction, and by the drying effect by ion weld slag operation being 
expectable, and the dielectric film which has precise membraneous quality can be formed. This film is convenient 
as the 1st dielectric film that covers a metal wiring pattern first and protects this, or the 3rd dielectric film that 
covers the uppermost surface of an interlayer insulation film and plays the role of passivation. The specific 
inductive capacity of this 1 st dielectric film and the 3rd dielectric film. Since it is lower than the specific inductive 
capacity (about 3.9) of the silicon oxide film of the stoichiometric composition acquired by oxidizing silicon 
thermally, it is possible to lower the specific inductive capacity as the whole interlayer insulation film compared 
with the case where the upper and lower sides of a low dielectric film are inserted by a Si02 film like before. 
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[0012]Since the migration of tfie membrane formation kind in the part and membrane surface which a physical 
action lil<e an ion weld slag operation does not commit on a film by an LPCVD method on the other hand is 
promoted, A dielectric film with a sufficient coverage can be formed, and since the density of a film moreover does 
not become so high, specific inductive capacity can be lowered. This film is convenient as the 2nd dielectric film 
contributed to the substantial decline in the specific inductive capacity of the whole interlayer insulation film, 
easing the surface step of the base resulting from a metal wiring pattern. 

[0013]Since above plasma CVD and LPCVD(s) are performed in this invention using the forming gas which 
consists of the same ingredient. Chemical composition is fundamentally common although there is a difference of 
some of the elemental ratio according [ the 1st dielectric film and the 2nd dielectric film which are formed, or the 
3rd dielectric film added if needed ] to a film formation condition. Therefore, unlike the case where a completely 
different film of chemical composition of a different kind is laminated, it becomes, without causing difficulty to 
selection of a membrane type. 

[0014]lf the forming gas which does not contain the gas constituents which use fluoride (F) as a composing 
element is used when forming the 3rd dielectric film the 1st dielectric film, the 2nd dielectric film, or if needed in 
this invention, F can be eliminated from a film. Therefore, all the problems of the variation in the polishing speed 
in generation of fluoric acid (HF) by membranous moisture absorption, the corrosion of the metal wiring pattern by 
this, and CMP are avoidable. It is preferred for above plasma CVD and LPCVD to carry out continuously, without 
carrying out atmosphere release of the base over a long time on the way. However, the forming temperature of 
these CVD(s) [ both ] differs greatly, and if it tries to perform both CVD(s) by the same chamber succeeding the 
case where the temperature control of the stage which lays this base is moreover perfonning heating of a base, 
the loss of the time accompanying the temperature control of a stage will become large. Therefore, in such a 
case, it is preferred to use the multi chamber type device with which the plasma CVD chamber which differs in 
stage temperature setting out beforehand, and the LPCVD chamber were made to connect by a vacuum carrying 
path. 

[0015]lt is preferred that at least one of the hydrogen atom of the Silang system compound uses the gas 
containing the organic silane compound replaced by the hydrocarbon group and an oxidizer as forming gas for 
plasma CVD for forming the 1 st dielectric film or the 3rd dielectric film added if needed. The basic skeleton of the 
above-mentioned organic silane compound may be mono-silane SIH^, or may be polysilane, such as disilane 
Si2Hg. The carbon number in particular of the hydrocarbon group which replaces the hydrogen atom of these 
Silang system compound is not limited. Although based also on the number of substitution, it is expectable that 
film density falls [ the one where a carbon number is to some extent larger ] according to increase of the steric 
exclusion of a hydrocarbon group as a general tendency, and specific inductive capacity falls, and the mobility of 
the membrane formation intermediate in a film growth process improves. The carbon content of the dielectric film 
which will be obtained on the other hand if a carbon number is not much large increases, moisture resistance 
deteriorates, satisfying membraneous quality becomes not easily obtained by plasma CVD, either, and also it 
becomes difficult to deal with an organic silane compound as a gas. Therefore, as a hydrocarbon group which 
replaces the hydrogen atom of the Silang system compound, allyl groups, such as alkyi groups of 1-2 carbon 
numbers, such as a methyl group and an ethyl group, or a phenyl group, are suitable. On the other hand, as the 
above-mentioned oxidizer, oxygen (O2), ozone (O^), hydrogen peroxide (H2O2), etc. can be used. 
[0016]ln particular, it is organicity. It is a monomethyl silane as a silane compound. [Si(CH3) H3] When H2O2 is 
used as an oxidizer, the dielectric film of the form where carbon was incorporated into the Si02 film of the 
stoichiometric composition acquired by the thermal oxidation of silicon can be obtained. The applicant for this 
patent has found out that the mobility of a membrane formation intermediate improves about this Si(CH3) 
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H3/H2O2 system when forming temperature is 20 ** or less in LPCVD before. It has been thought that it is inferior 
to membraneous quality while the dielectric film containing the carbon formed by the above systems of reaction is 
more advantageous to lower-dielectric-constant-izing than before. However, if membrane formation which 
switched plasma CVD and LPCVD like this invention is perfonned, even if it is such the system of reaction, good 
membraneous quality and lower dielectric constant can be reconciled. 
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EXAMPLE 



[Example]Hereafter, the concrete example of this invention is described. 

[001 8] Example 1-- here, this invention being applied to formation of the interlayer insulation film in a 
semiconductor wafer process, and. By performing the plasma CVD and LPCVD by an SiCCHg) H3/H2O2 system 
continuously, the SiOx system interlayer insulation film of two-layer composition with low specific inductive 
capacity was formed. This example of a process is explained refen-ing to drawing 1 and drawing 2 . The device 
used by this example is connected common to one set of the object for plasma CVD, the object for LPCVD, and 
the wafer handling unit by which each of the chamber for post annealing was maintained by the predetermined 
degree of vacuum. It is the multi chamber-type device made as [ perform / conveyance of the base between each 
chamber / altogether / via this wafer handling unit ]. 

[001 9]The wafer W in which 0.65-micrometer-high aluminum system circuit pattern 2 was first formed [ on the 
substrate 1 ] according to the line and space which is 0.4 micrometer as a metal wiring pattern beforehand was 
prepared. Among the above-mentioned substrate 1, although a field corresponding directly under aluminum 
system circuit pattern 2 comprises an insulator layer, the structure under the common metallic wiring of the usual 

semiconductor device is not illustrated here. 

[0020]Next, this wafer W was carried in to the plasma CVD device, and plasma CVD was performed on condition 

of the following as an example. 

S\{CH^) H3 flow 100 SCCM Ar flow 500 SCCMH2O2 (gas) speed of supply A part for 0.7 g/ Pressure 160 Pa RF 
power 200 W (13.56 MHz) 

1st SiOx film 3 with a thicl<ness of about 0.1 micrometer which covers aluminum system circuit pattern 2 to 

P 

conformal one mostly as it can wafer-temperature 350 ** Come, and is alike and it is shown more in drawing 1 (it 
means that the subscript P relates to a plasma process.) It is the same as that of the following. Membranes were 
formed. The specific inductive capacity of this 1st SiOx film 3 p was a little lower than the specific inductive 
capacity epsilon= 3.9 of the Si02 film of the stoichiometric composition acquired by the themial oxidation of 
silicon. This is an effect of the methyl group incorporated into the film. 

[0021]Next, the above-mentioned wafer W was conveyed to the LPCVD device under the high vacuum, and 
LPCVD was performed on condition of the following as an example. 

Si(CH3) H3 flow 100 SCCMAr flow 500 SCCMH2O2 (gas) speed of supply a part for 0.7g/~ pressure 133 Pa 
wafer temperature 0 ** ~ thereby, It is 2nd SiOx film 4 ,^ (it means that the subscript L relates to a LPCVD 

process.) about 0.1 micrometer thick so that the surface step of the base resulting from aluminum system circuit 
pattern 2 may be canceled mostly, as shown in drawing 2 . It is the same as that of the following. Membranes 
were formed. The specific inductive capacity of this 2nd SiOx film 4 ^ was still lower than the dielectric constant of 
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the above-mentioned 1st SiOx film 3 ^. 

[0022]Tlien, the chamber for post annealing was conveyed for the wafer W, 400 ** and post annealing for 15 
minutes were performed among N2 atmosphere of 1.01x10 ^Pa, and the moisture which remains in the film of 
2nd SiOx film 4 ^ was removed. The specific inductive capacity epsilon of the interlayer insulation film 5 measured 
in this stage, i.e., the film which doubled the above-mentioned 1st SiOx film 3 ^ and 2nd SiOx film 4 |_, was about 
3.2. Although the acceleration deterioration test of 1000 hours under the relative humidity of 100%, the 
temperature of 120 **, and humid high-temperature-high-pressure environment with a pressure of 2 atmospheres 
was done to the base of this state, neither the corrosion of aluminum system circuit pattern 2 nor degradation of 
hot carrier tolerance was accepted at all. Therefore, it was proved that the above-mentioned interlayer insulation 
film 5 had specific inductive capacity low as a whole, and was excellent also in moisture resistance. 
[0023]ln exarnple 2 this example, surface treatment processing by oxygen plasma was performed to 2nd SiOx 
film 4 |_ formed in Example 1 . Here the used device between each chamber the object for plasma CVD, the object 
for LPCVD, for plasma treatment, and for post annealing. It is the multi chamber-type device made as [ perform / 
conveyance of the base between each chamber / it is connected to the wafer handling unit by which the base was 
maintained at the high vacuum, and / altogether / via this wafer handling unit ]. 

[0024]The stage film formation of the above-mentioned 2nd SiOx film 4 ^ is as having mentioned above in 
Example 1. In this example, the following conditions performed oxygen plasma treatment as opposed to this film 
continuously. 

O2 flow 2000 SCCM Ar flow 1000 SCCM Pressure 133 Pa RF power 500 W (13.56 MHz) 
wafer temperature 350 ** processing time a part for three ~ of this plasma treatment, by the layer part of 2nd SiOx 
film 4 eburnation of drying and a film advanced and reforming layer 6 p as shown in drawing 3 w as formed. 
Since the wafer temperature at the time of the above-mentioned plasma treatment is the same as the wafer 
temperature at the time of membrane formation of 1st SiOx film 3 p by the above-mentioned plasma CVD, it can 
be considered as the chamber for plasma CVD, and common use, without providing the above-mentioned 
chamber for plasma treatment separately, and can also respond by the change of the gas supplied to a chamber, 
RF power, and an exhaust speed. 

[0025]Then, the same post annealing as Example 1 was performed to the above-mentioned wafer W. In this 
example, the interlayer Insulation film 7 which consists of three persons of 1 st SiOx film 3 ^, 2nd SiOx film 4 ^, 
and reforming layer 6 ^ was formed. The specific Inductive capacity epsilon as this whole interlayer insulation film 
7 was about 3.3. Since the rise of the specific inductive capacity by the densification of reforming layer 6 p 
influenced, it Is thought of that the specific inductive capacity epsilon became a little higher than Example 1. The 
result of the acceleration deterioration test of this interlayer insulation film 7 was better than Example 1. 
[0026]ln examp l e 3 this example, after performing even formation of reforming layer 6 p like above-mentioned 
Example 2, the 3rd dielectric film by plasma CVD was further laminated on this. That is, the wafer W of the state 
which showed in drawiricLS shown above was again returned to the plasma CVD device used for membrane 
formation of 1st SiOx film 3 p, and plasma CVD was performed on condition of the following as an example. 
SilCHg) H3 flow 80 SCCMAr flow 500 SCCMH2O2 (gas) speed of supply a part for 0.85g/~ pressure 93 Pa wafer 



0.3 micrometer. 

[0027]Then, the same post annealing as Example 1 was performed to the above-mentioned wafer W. In this 
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example, the interlayer insulation film 9 which consists of four persons of 1st SiOx film 3 ^, 2nd SiOx film 4 
reforming layer 6 ^, and 3rd SiOx film 8 ^ was formed. The specific inductive capacity epsilon as this whole 
interlayer insulation film 9 was about 3.6. It is because 3rd SiOx film 8 p with membraneous quality there are few 
carbon contents and precise [ that this specific inductive capacity epsilon rose further rather than Example 2 ] and 
high specific inductive capacity was added. The result of the acceleration deterioration test of this interlayer 
insulation film 9 was still better than Example 2. 

[0028]As mentioned above, although this invention was explained based on the example of three examples, this 
invention is not limited to these examples at all, and change, selection, and combination are possible for it suitably 
about details, such as composition of a sample wafer, a size of each part, a film formation condition, plasma 
treatment conditions, and a post annealing condition. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Draw ing 1]ln the example of a process which applied this invention to formation of the interlayer insulation film of 
a semiconductor device, it is a typical sectional view showing the state where covered aluminum system circuit 
pattern formed on the substrate, and the 1st SiOx film by plasma CVD was formed. 

[Drawing 2] It is a typical sectional view showing the state where formed the 2nd SiOx film by LPCVD on the 1st 
SiOx film of drayying 1, and flattening of the wafer surface was carried out mostly. 

[Draw ing SJlt is a typical sectional view showing the state where the surface of the 2nd SiOx film of drawing 2 was 
reformed by oxygen plasma treatment. 

[Drawing 4] It is a typical sectional view showing the state where the 3rd SiOx film was further formed by plasma 
CVD on the 2nd SiOx film of drawing 3 . 
[Description of Notations] 

1 - Substrate 2 - aluminum system circuit pattern 3 p - The 1st SiOx film 4 ^ - The 2nd SiOx film 5, 7, 9 - 
Interlayer insulation film 6 p - Reforming layer 8 p - The 3rd SlOx film W - Wafer 
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DRAWINGS 

[Drawing 1 ] 
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[Drawing 2] 
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[Draw ing 3] 
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[Drawing 4 ] 
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(54) FORMATION OF SIUCON OXIDE DIELECTRIC FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a silicon oxide 
dielectric film which can be used as an interlayer 
insulating film in a semiconductor device and can realize 
both a low dielectric constant and a long-term reliability. 




SOLUTION: With use of a monomethyl silane/hydrogen 
peroxide film-forming gas, a first moisture-resistive SiOx 
film 3P is formed directly on an A|-based wiring pattern 
2 by a plasma CVD process, and a second SiOx film 4L 
having a high fluidity for reducing a step difference on a 
surface of a wafer W is formed on the film 3P by a low- 
temperature, low-pressure (LPCVD) process. A modified 
layer 6P may be formed by an oxygen plasma 
modification process on the second SiOx film 4L, and 
further a third SiOx film 8P may be formed on the 
modified layer 6P by the plasma CVD process with use 
of the same film-forming gas as the above. Any of the 
SiOx films 3P, 4L and 8P is lower in relative permittivity 
than a silicon oxide film of a stoichiometric composition 

obtained by thermally oxidizing silicon, and thus the overall relative permittivity of a 
insulating film 9 can be kept low. 



a9)H*B4*fFff (jp) «z) 4^ §S J|t It & ^ (A) w)mm&mim 

#11^10-313003 

(5i)inta' wmm f i 

HOIL 21/316 HOIL 21/316 M 

21/31 21/31 C 





»ii3F8-122647 


mmmx 


000OO2185 










(22)ttlSiQ 


¥J«9¥a997)5«13B 




3»Kf5>B,;ilKitft;i[ 6 Ta 7#35^ 








1^ mm 








3fDsai5ft;iiEata;ii6Ta7«35^ y- 











(54) mao4m m^^^^j:i>mmmm<mmm 



(57} [11*^1 

[SH] *3«*x/<-fXfflBfBI*6jtl8EfcUTfflL^c,^^ 

LT-t? X/ \w©affissi&sffi-r ssEHiit 

®BL^S2S i OxKAL ttffiiaoS L P C V D -ejiefflfr 
IS2S i OxKAl (DaD5l::r±K*:^'5X-7aH«i 

ffiSP ^J^mtXtBLi^ I'^mos i OxK3p. 4 
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a(lffij£<0^^t:S/ >J =1 >K J: U %tbBlm^(0^l^« 1 SIS 

7 X7 c V D 1= J: y jsasf 1 xs t . 

;^ V c V D -effl t%fcfiE)B*-x 1 1^- jfi» S ft 

a, 

■7 c V D-efflivfcfifeji:tf;^ t x 
>$l»K<b L-C{# e,J^$g^s?^ki, y n vgj: y tifcsis 

^<^)^E^,^« 3 mnm^f&m 2 si«t*^±(cjaK-r -5 c 

use :/3'yC-7 c V D •e]iL\fc t b 
SjaBS^'x^ffiL^-csg^^x-? c V D $iT5 t iz J: 
y, i'y=i>s5fft^ibL-c#b*i.i><b^Mtfta<iijfifi£tDiS 

XvcvD<DSEBi*-xiL-C. 

iF©'>ft< 1 1, 1 @AteHb7Ki(lStatt**i.fc^«>>^ 

^matm 1 Ett<oii{b^ y =■ i^ii^^mim<am^:^'A, 

[»*«7l fIE:&«t>>^>ibif«JtLT^^>?^;l/ 

imEiHb»JtLTai8ft*ig*ffli,>« = tS?# 
[0 0 0 1 1 
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"i-iosruia^b. ;s«iegibi=#t^. saiJ:icia[iiitt»is$ 

t±±TiE«ig±A^ttie L T < 4 , tfcSI«¥ EAma. 
9^:fc$L^«£jtEa>s i oz %5liQtl»IS-e», Wimm 
■:A<**<ftyia#-5, -tc-e, l^lcf^lf-f v ■ 

(BIT. lSSIB(*ISt8ir5„ ) ^ffltNTffiSESBW, 

[ooo3H£smi*istL-ci±. zh^X'\zmmmi& 

^is i 02 ©JtSim^EA<S^3. 9i:*:#L^(OI±. S 
i oz <D'tftS'j:-rvn+-y-v (-s .i -o-) 
<Dols^^a)S5i^ttSM:fc^L^fcK)lz«^J!)<oi^?.^i]|= 
<go-C*5y. ®iii<4->i.b*t*i-t05Myj!)<-Slg*1- 

i^^ia>i,o>0)^mmtmTi,xis^). zii\zjii)itm 
mmmmxitmmme^'s. 5-3. 0, y^mmsta 

lgT?£ = 2. 7-1. 9a)fitA<ilja^F*l,-CL\§„ 

[0 0 0 4] mmkimmi^mtLxit, -j-vX 

vcvDIcJiyjSlliRrfil^Ss i OFK. ^Ut>*,¥ {-y 

vm *^*f-&s i o xm'^^tK.xim^h.xi'^ 

TSI'^U, C*tST:lC3. 7-3. Zge[(01£At®fiE* 

30 *i.rL>^o s i oxroJtg|®¥A<F^^^f -scticj: 

[0005] 

[«WA<«*LJ:7i:f «S)S] LA>LftA<^, ±®(0 

l=StJ!¥S-ti-fc*y ■7-*t«*J£tt:±lcxe>3- h Lfc 
a, ::<OlfeSSlBl!RLrK*Sd*-a:SCil=J:y»B« 
40 **i«t,(b%^L%, CfflJ:3ftK-CI4, Sd^flc^flEL 

fc7K«}g»i*<js*i=aiya**i.-¥'-r<. c*Lp.«)*-¥'5g 
a4A<3fe«isia/<f -siaHtft*. *y v 

^J^7TX-*-?l^>K^¥<0K*^S3S*^^•Cl^-l). LA^ 

a©ui>x h ■ -7vi':y'fmzmm^i&z.tztm^ 

MtftoTL^-S. 
50 [0006] «t«Sfi^Si*Mottaf JT'fc« s 
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LM± 3^ p -fe X © SStt ^-^-It 1 1 ^ a BaSIA^fc ^ o 

A<*S^Lfcfc#x.c,tLSs i (-F) 2 IS^. ojgT^ 
i>LT:ifi{iLfc=ta)t#jLe,^iss i -fs^a<?¥«l 

Tfcy, ClttbWJg^AtftlTlC^^fgSlS^i^TS i -OH 
J§-&tiE<bL, C05S i -OH^S^;fl<*Si*<0H2 Ot 

[0007] Lfc3!i<or . ^m^Mmn^m^mm^ts. 

a-bx • •>v>t^iJ'>At<!>Sk*p. 2 6 i~2 6 8i::l±, 

-XHi^^^-VV^BliS i H4 /N20/N2 jg^**x 
7P-SI*S i H4 /HZ 02 /N2 SiffflLV Sffijg 

KCciDgEcvD (LPcvD) x-'th^eiiHim-ti 

— ;UK1 9 9 6*2fl#p. 8 6~8 8 (::?L/Xv-V— 
K^TBA^tollt/OJ-VIS. SiOFK. /fJ^)S©3 

©±T*)SHI^ttStM«*t-5S i 02 mfS i NKUtt 

[0 0 0 8] LA^Lftjbtc,. ^*Lb©«^EJBjaftffir- 
ii±BB'<-xB. ^^y:fm, /^'J-VB*«i«f 

/<5'->*Sa-r*fctol::*5}-*T<Sl-^3ill^t!-3S:L%!KF 
tt:li ^JiJjS-r Hfltf i> t ^ S M t f ^ , 

[00091 



lEgMlcSt-SSp^lcMltOfil^lS^iEL, ■t<D±*lk 
t V U rj V * SR^^b L C,*t«<b^*Sft«iSa 

8i^^^-SE^}•A^e,!5:&fiE^**x^fflL^TS^c■scvD^fe 

-r*+3*.^7X-7CVDtLPCVD-T?fiSBtL»It 

10 •5tL^■5185^^¥a^»■^.ctlcJ:y. ±gi(nsfl<i^a 
±ts«:(»s®sM$iS?p-r*m 2gim^* L P C V 

[00 1 0] :*:S6?Sr'li, y-mt:msS.7c^tt?>iiX 

yjigjaStL^Mibv'JrJVsfeSimftKli. s iOFffiEffl 
i 5 i:iM*'>' :? ^JS^ * as y at t J; SlfiSS^i 

fi!6fli*-X <b ^ /j: § fi£l!S*-X LN-r 

B^*IS<DWBfflffi*$ffoT^,au^. 

[001 1] 

30 [feWOJS^fficO^ie] ^leSSIi. H-Ai^J^^^^'&JiKM 
*-X £fflL^T t, C V DftfUc J: V SiStt:|!iO!)|SaA«|E^fc 
fa::tl=^BL, «saTf«i|»it©SL^»WftlS®»« 

^=*^L■c^';^v ■ x/<«^^if^ffl3S<ffl<tN-cig|©igflEA<± 

ri^acfc, teJ:T/'f ;r> • X/<v^»f^ffllc<fc«ffli*S!i 
SA<)fflf#-C# % C 1 1 J: y . *»#i&«*<ffito-C'>* 

€^a|-r^%l8l«i*:|ii. &-&l^llBMffi»IS(Ofi±M$ 

(oifcsimmi*. i'y3>^Sft^^bLT^#t.^^«^b^^llft 
wffl^wKibv y =3 v^oitgim^ (*t3. 9) ^y^, 

<£1>WT% 5 l-1S^«{*)g©±T^S i O2 m 

[0012] -Si. LPCVDgfe-ett-f /J-V - X/<->^ 

so ^^ffl<DJ;5^fi|5!laMf^fflJfl^Jllcii)A^i&:L^^i^, m^miz^ 
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[0 0 13] *«B^-eii. ±^a3^'Dis:yvX-vfcvD 
tool 4] *ieiMtfci,N-rmiSim<*iiiiS2§is<* 

fit. fc*l.M±!2^Slcj5i:-C$3S^tt;JS^fiE||gt--5« 
(F) $fltfiE5EI!?t-r-5**?^«i^£#*'S:t^ 

UfcA«oT. IS©®!ai~**:7v^ (HF) <D± 
jS. ::*i(=i:S*j»S2S/<$i-><Dtt*. CMPf::fclt 

ti^xti. ftfc. ±K0!):::'5'XvcvDt LPCVD 

MCVD(0fiE|«iSSA»:*:#<ll4-y. L3!i^^,3£«:<DalSft 
*R»tt:*tEB-r«Xx-vO!>agtlfflll=J: y^7•^Tl^ 
&«^|-1±, Pl-5^-v>/<t!S5CVD*iietLt:¥fi35 

ISS(DSft*:?7Xv c V D=f V/^t L p c V D^^l- 

[0 0 1 5] % 1 K«ft:ei. ft'&lM^£f=i:&i:T)gA] 

**iSI6 3g|«ftB* SK-r-Sfctoffl :?7X-7 c V D ffl 

Si (CH3 ) H3 

A rase 



^><fc^tl^SH*<tLi:ffiyad-<tA<fflit<t/d:'5o L 
-efe^o iSK^tftli: LTI±. mm (.Oi) , ^ 

v:^ (03 ) . ffliufcTK^ (H2 02 ) mtmi.^^zt 

[0 0 1 6] ^fil S/vMt^1^<tLT^y;*^ 

10 JUi^^yty [Si (CHS ) H3 K ^ftSittLTHz O 
2 ^ffifflLfc«^CI±. vy3><0jSi®<tlCJ:yi#&;H 

(nBSSt*^^#§Ci:ft?T-#-5„ Cro. S i (CHS ) 
HS /H2 02 SICilLTIi. LPCVDtJSlNTjSS 
■SS^ 2 0°C«Ti: Lfc«#l::fi)EK*ra<*(03Sl)ttA^iai 

<DJ: 3 J: y fi!cBI**i.*BE3R$^*^SI®f*m 

0)t%7Li*iXtt=. Lif'L. *«S8©.t3(:::^7Xv 
20 CVD<bLPCVD$^30y^^fcJ$K^^77LlS, rroJ: 

[00171 

[saw] EiT. *flBflfflS^*w&a^s«^=oL^TSi?B 
[0018] mmm^ 

IB1«g]»K(0]|$j£l=3fflL. Si (CH3 ) Ms /Hz O 
2 j6f=J:«>:^^XvcVD4:LPCVDi:$iiaEUrff 
30 3Zt t«t y , J£§im^(DffiL\2 HfltfiEcD S i O X ISB 

<fcT;02t#!SgLftA^6l»IBf*. *3S^fi«^■efflL^fc» 
1Bt±. :^vX-7cvDffl, LPCVDffl, 

fc 1 »(»'>x/\ • /\> Ky - o.-'j Kt3taicS«t 

[0 0 19] *fSSl±t^«)*S52IS/<^'->tU 
40 XStSO. 6 5j/m©AI^K|g/<5-V2A<0. 4 1/ 

zzx-itm'^(j)^mt^T'U:^o)-t&V}^^mmmT(D 

[0 0 2 01 ?>:l=. ^(Ox/WV^^^^XTCVDgS 

ic)«At, -®l<!:trTBea)S&fr-c:?7XvcvD^f7 

100 SCCM 
500 SCCM 
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HZ oz (fum ^i»mm 

0)151 S i OxK3P ©JtSSWl*. i/'J=lV©}»»1b 

3. 9j;ytgTeANr3fc. ::iitt. igcficwyas^i 

[0021] jtS«)>5xy\W$KM3STI=r L P 
CWOm^^mSkL. -MfcLrTlB<D*#t?LPCV 

S i (CHj ) H3 liiE4 10 0 SCCM 

Ar^iM. 50 0 SCCM 

H2 02 (a*) 0. 7 

133 Pa 

"^^x/vSg 0 °C 

*iKlO. 1 ^(mrom2S i OxBl4L (S^Lfi. LP 
CVDC/P-irXICPai-S-t^STo KT^ffio ) 6< 

bB^I S i Ox^3p (D§im^J:y**e.l-<e!!)^-3fc, 

[0 0 2 2] ';7i/\w*;Kxh7-— 

V/^*«aiL, 1. 01X105 Pa©N2 »HSl*v 
02 2 000 

ArSiE* 1000 
E* 133 
500 

■^i/nSS 3 50 



0. 7 

160 Pa 

200 W (1 3. 56 MHz) 
3 50 t 

4 0 Ot. 1 S^^raoSJpX hT:::-;U*tfL\ SI52 S i 
-caf£Ly-=ltiiai6jftR5. -ri&:47«J:S%1 S i Oxm 

3p trnzsioxOiAL t=&^^^t=m0)&.mmms 

10 ffiJtSSl009<,. jggi 20°C, E*2Stl£05SSgiS 
SSEa«fTI::fcIt«, 1 0 0 omi\(Ol\m'^itmii:fi 

[0023] ^mmz 

*IIJfi«9-CI±. ^MlT'flEIS*tLfcm2S i 0x114 
L ic. il|{l::^^XvlzJ;^SS*S«lS*J6Lfc„ 
7?fBi'*fcgfil4. ::''^X-7CVDffl. lpcvdh. y 

[0 0 2 4] ±sBm2s i oxjg4L ro^pxii*-^ 
It. nwiiTfJiiaiLfctfcy-cfe?.. *iii!ig«8-ei*j* 

SCCM 
SCCM 
P a 

W (1 3. 5 6 MHz) 



•>x/\afti±«ir3a!a>:^5XTcvDi=j:a«i s i ox 

[0 0 2 5] zoft. ±K':?i/\wir*iLr3iJs«!ii t 
ig»<DJtex hy:i-ju$iT-3fc. *llis«ij-e[*, SSi s 

i OxK3p . IS2S i Oxll4L . feJ:t;«MH6p 
<!!>=#a^&35:*Jg|lllffi»K7At)BdE**if=. ZOMfSi^ 

fc. utmum e i^mmm i j: y ■¥>^f iS < ft o t® i*, 

«>i:*x&it*. ftfc\ C05Bra*6SK7©jina«<ba 



[0026] mmrna 

*3llfe«!|-ett. 3tHH6P ®Ji^J«*-C*±a«)3lte««2 

«SIS3©aB*IS*»HLfc. -^-ft*?*, 1l!rtg«)@13J= 
*LfcttlS«)'!/x/\W$f5l S i OxffiSp 0>^mzm 
L^fc^/^X^CVDSacStfSL, -«!li:L-CTRBffl 

&#'e::^^X-7 c V d ^fiofc. 

Si (CH3 ) H3 3!E> 8 0 SCCM 

ArStES 500 SCCM 

H2 02 (Sltt:) ffi*S3ie 0. 8 5 g/i^ 
Eil S3 Pa 

■tJx/xSffi 350 t 

Zinzi:^}, El4{:::***i*J:5ftS3S i OxKSp 
ftt»0. 3/im(0ff*fZ|«|g*4xfc, 
[0 0 2 7] cross, ±aE':7x/\wlcJ3Lrieifeffll 
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i Ox|g3p . |g2S i OxBl4L , QUCJgep » teJ: 
t;S3S i OxK8p OB«3Ef'&«:-&JBinf&ltH93b^^ 

-e&«. ::(OfilSlieiBI»9a)jiai£<&4bSeia>9SjR 
[0 0 2 8] U±, *5IWS3«la)*^K«lff=^.^:•:5l^T 

[0029] 



[0 1 1 *»iB*ijtaitt:T?/«< ;^a)Hra*ejtiBia)»riEi= 

»ei!ii/<5>->*a«L-C3^7XVCVDICi:SS5 1 S 

[l!2l 01 CDSl s i OxISJiI::l PCVDICjcy^ 
2S i OxBt^JJcMLv 't^x/x^B^lsesptHbLfctt 

[@3] ®2©S2S i ox^©Sffi^^m:f7Xva 

[il4] ia3©«2S i Oxlfi©±l::*6lc::f5X-7C 
V DI=J: yS3 S i O xK*iaiiLfcttiBss-r«a» 

[Jj^roiftp^] 

2-A I 3P-ISlSiO 
x& 4L -1628 i Oxm 5. 7, g-JSISIffi»llit 
6P -afRIB 8P -S3S i OxK W"-;7x/\ 
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